In this study, we undertook a reconnaissance study of sediments provenance in the Gulf of Lions focusing over the last 16 ka. We used geochemical and isotopic tracers to determine the source of sediments and give insight into the weathering conditions prevailing. Sediments samples were selected both onshore and offshore from the western, eastern, and central part of the Gulf of Lions. We analyzed bulk sediments, coarse and fine silt, and clay fractions. Elemental and Nd isotope compositions appeared to differ from one grain size fraction to another one. These are interpreted in terms of zircon addition in the coarse silt fraction for the elemental concentrations and variable sources influences for the Nd isotope compositions. Our results indicate that sediments in the Gulf of Lions mainly originated from the Rhône River watershed although a contribution of Saharan dust is seen in one sample. Influence of Pyrenean small rivers is minor in these samples. Some Sr isotope compositions shifts are interpreted as reflecting variable amounts of chemical weathering that are consistent with published paleoclimatic reconstructions.
Introduction
[2] Studying sediment piles deposited and preserved in oceanic basins and continental margins provides an opportunity to examine how terrigenous sediments supply varied through time in relation to paleoenvironmental and climate changes [e.g., Cole et al., 2009; Colin et al., 2006; Derry and FranceLanord, 1996; Galy et al., 2010; Najman, 2006] . In the past, most studies have focused on specific climatic zones where extreme climatic conditions prevailed such as cold glacial, tropical-monsoonal systems or mountainous areas [Anderson et al., 1997; Bickle et al., 2005; Braun et al., 2005; Colin et al., 2006; Galy and France-Lanord, 1999; Revel et al., 2010; Verplanck et al., 2009] . Conversely, temperate-dominated climatic zones have received less attention. The Mediterranean Sea is situated in a transitional climatic area and the influence of both high latitude (North Atlantic system) and low latitude (African subtropical monsoon system) have been investigated by previous studies [BoutRoumazeilles et al., 2007; Naughton et al., 2009; Popescu et al., 2010; Sánchez Goñi et al., 2008] .
[3] The elemental geochemistry of terrigenous sediments reflects a combination of multiple parameters such as provenance (source), chemical weathering, physical erosion or hydraulic sorting [Taylor and McLennan, 1985] . Numerous studies have demonstrated that the geochemical composition of sediments can be used as a powerful tool to determine their provenance [Lee et al., 2008; Mahoney, 2005; McLennan, 1993; Vital and Stattegger, 2000, and reference therein] . Additionally, strontium (Sr) and neodymium (Nd) isotope compositions provide important information on the source areas as well as erosion and weathering conditions [e.g., Cole et al., 2009; Colin et al., 2006; Derry and France-Lanord, 1996; Eisenhauer et al., 1999; Grousset et al., 1998; Revel-Rolland et al., 2005; Tütken et al., 2002; Verplanck et al., 2009] . [4] In this paper, we undertook a reconnaissance study of sediments provenance in the Gulf of Lions. We used geochemical and isotopic tracers to determine the source of sediments and give insight into the weathering conditions prevailing. These sediments were sampled from different geographic locations (eastern, central and western parts of the Gulf of Lion and in the terrestrial watersheds) but also at different ages during the last 16 ka Cal BP to examine the variability of sediment supply spatially and temporally.
Geological and Geochemical Background
2.1. The Gulf of Lions [5] The Gulf of Lions is a siliciclastic passive margin located between the Pyrenean and Alpine orogenic belts in the northern part of the western Mediterranean Basin (Figure 1a ). The development of the margin was initiated by an Oligo-Aquitanian rifting phase between the continent and the CorsicaSardinia microplate, and the Burdigalian crustal opening [Gueguen, 1995; Sioni, 1997] . This margin is covered by sedimentary series dated from Oligocene to Quaternary [Gorini et al., 1993] . The shelf is about 250 km long and 75 km wide. This shelf is relatively flat and dips gently seaward to the shelf break, located at a water depth between 120 and 150 m. The upper Pliocene-Quaternary deposits have recorded the sedimentary structures associated with glacial-interglacial sea level variations and significant subsidence at the shelf edge [Lofi et al., 2003; Rabineau et al., 2006] . This led to the deposition and preservation of various types of sedimentary bodies and to numerous canyons dissecting the continental slope [Baztan et al., 2005; Berné and Gorini, 2005] . The Rhône River is supposed to be the main provider of sediments for the area, but depositional centers have moved across the margin concurrent with sea level changes. Indeed, the drainage patterns of the Rhône River varied through time depending on the exposure of the shelf during sea level lowstands. During the most recent postglacial sea level rise, sediments were stored in prodeltas that form shelfal retrograding sediment bodies, still visible on the present seabed morphology [Berné et al., 2007] .
[6] The water circulation and sediment transport in the Gulf of Lions are mainly driven by the Northern or Liguro-Provençal current which follows the continental slope and also penetrates onto the shelf [Millot, 1999] (Figure 1a ). On the shelf, a large amount of fine-grained sediment sourced from the Rhône is presently advected to the SW in response to the dominant wind forcing [Aloïsi, 1986; Dufois, 2008] .
The Rhône Watershed
[7] The Rhône River is 816 km long and has a drainage area of 98,800 km 2 ( Figure 1b) . Its hydrographic basin is largely characterized by mountainous catchments in the Alps, Massif Central, and Jura, inducing strong climatic heterogeneity encompassing oceanic, continental and Mediterranean rainfall regimes (Figure 1b) . The geology of the Rhône watershed is complex due to the long MesoCenozoic tectonic activity of the area related to the opening and closing of the Tethys Sea and the overall convergence between Africa and Europe ( Figure 1b) . Nonetheless, three main lithological formation types are distinguished: the siliceous crystalline massifs mainly comprising granites (e.g., the Mont Blanc massif); sedimentary rocks of Cretaceous and Cenozoic ages consisting mainly of conglomerates, sandstones and limestones and finally sedimentary rocks of Jurassic ages consisting mainly of marls, black marls and limestones (Figure 1b) . Within the main tributaries of the Rhône River, the drainage basins of both the Arve and Isère rivers encompass mainly crystalline and recent sedimentary formations. The Durance river watershed is different, comprising mostly older Jurassic black shales. Fluvioglacial deposits are widespread in the area and the Rhône River transports of lot of material that has been eroded from glaciers [Ollivier et al., 2010] . The Rhône's catchment ends with a delta of 1455 km 2 , which is the second largest in the Mediterranean Sea [Pont et al., 2002] .
Geochemical Background
[8] Multiple parameters must be taken into account when studying sediments geochemical compositions. Various geochemistry tools are used including, Rare Earth Elements (REE), immobile trace elements (i.e., Zr, Th, Sc …) and Nd isotope data for provenance studies, and more mobile trace elements (i.e., U, Cs …) and Sr isotope data to establish the alteration conditions in which sediments were formed. [9] Since early studies, in the 1980s, it has been demonstrated that Nd isotope compositions are robust indicators of sediment provenance [Goldstein and O'Nions, 1981; Grousset et al., 1988; White et al., 1985] and that they are not modified through sedimentary processes such as erosion/weathering. Samarium (Sm) and Nd behave consistently and little or no fractionation occurs during the sedimentary cycle [Goldstein et al., 1984; Grousset et al., 1988; Mahoney, 2005; Taylor and McLennan, 1985] . Although, it is often assumed that there is no significant dependence of Sm-Nd isotope ratios on grain size [Tütken et al., 2002] , such features have already been reported [Derry and FranceLanord, 1996; Innocent et al., 2000] .
[10] Strontium isotope compositions can also be used in sediment provenance studies as the 87 [Cole et al., 2009; Colin et al., 2006; Jung et al., 2004] . During chemical weathering, the radiogenic Sr is preferentially released to the fluid, due to the early breakdown of mica (e.g., mainly biotite) and K-feldspar which are both minerals with high 87 Sr/ 86 Sr [Blum and Erel, 1997; Bullen et al., 1997; Jeong et al., 2006; Taylor et al., 2000] . Consequently, the 87 Sr/ 86 Sr of sediment is lowered [Blum and Erel, 1997; Jeong et al., 2006] . However, it must also be noticed that such an evolution critically depends on the amount of altered biotite. If the proportion of altered radiogenic minerals is low, the effect on bulk sediment Sr isotope composition will be small [Pett-Ridge et al., 2009] .
Methods

Cores and Samples Descriptions
[11] The main characteristics of the cores and studied samples are listed in Table 1 . Radiocarbon ages used to construct age-depth relationships and calculated ages for our samples are reported in Table 2 .
[12] Core MD99-2352 was collected with the "Calypso" piston corer of R/V Marion Dufresne on the inner shelf. It is mainly composed of brown silts with intercalated silty-sandy levels [Berné et al., 2007] . Two coarse layers are present at 1 m and at the base of the core [Berné et al., 2007] . One sample was taken from this core at 1510 cm depth. An age-depth relationship was established, based on 14 radiocarbon dates distributed along the core. A linear regression calculation was used to calculate an age of 14606 ± 122 yr cal BP for our sample (Tables 1 and 2 ) following the model published by Berné et al. [2007] . Core BMKS-21 was recovered during Beachmed cruise on R/V Le Suroît on the inner shelf. It is mainly composed of dark clays and alternating clay, clayey-silt and silt levels. An age-depth relationship was established, based on 7 radiocarbon dates distributed along the core. One sample was taken for our study at 43 cm and the age of the sample is calculated at 1712 ± 50 yr cal BP (Tables 1 and 2 ).
[13] Cores KSGC-31, KSGC-32 and KIGC-25 were collected during GMO2-CARNAC cruise on R/V Le Suroît. Both KSGC-31 and KSGC-32 cores were collected on the inner shelf and KIGC-25 was collected on the slope. Core KSGC-31 [Stuiver and Reimer, 1993] . For marine material, the Marine04 calibration curve [Hughen et al., 2004] was used with no deviation from the average reservoir age (−408 years). For continental material the Intcal04 calibration curve was used [Reimer et al., 2004] .
consists of dark to gray clays and thin silty levels by the bottom of the core. Two samples were taken and four radiocarbon dates are available. The ages and uncertainties of the analyzed sediments are estimated thanks to the absolute radiocarbon dates directly surrounding the samples; the estimates ages are 974 ± 44 yr cal BP and 8940 ± 76 yr cal BP, respectively (Tables 1 and 2 ). Core KSGC-32 consists of alternating levels of fine sand, silt and clays with a large interval of homogeneous darkolive clays between 12 cm and 47 cm. One sample was taken from this core at 20cm depth (Table 1) .
Only one radiocarbon date is available for this core and the age of the sample was calculated using a linear regression between this date and the estimated age of a seismic discontinuity at 110 cm on the Core KSGC-32 also sampled seaward in Core KSGC-31. The seismic discontinuity D601 is sampled in KSGC-31 at 150 cm with an estimated age of 1800 yr cal BP based on the age model constrained by 4 absolute radiocarbon dates [Jouet, 2007] . The resulting age of the sample is 1415 ± 55 yr cal BP (Tables 1 and 2 ). Core KIGC-25 is a short core composed of clays and two samples were taken. No radiocarbon dates are available for this core. However, based on sedimentological criteria (color changes) and comparison with similar dated cores it is possible to suggest a time interval for the deposition of these two samples. Hence, sample KIGC-25-12 should be Holocene in age (based on the light color of sediments) and sample KIGC-25-70 should be late Pleistocene in age (Table 1) . A former gravity piston core at the same location (age model of MD99-2348 available in the work by Sierro et al. [2009] ) confirms an age of 16382-16791 yr cal BP at 80 cm.
[14] In addition to marine sediments cores, we studied samples from some terrestrial watersheds. One sample originates from the river Têt (Perpignan city, Figure 1a ), five samples originate from a surface sediment core recovered in the Thau lagoon ( Figure 1a ) and 2 samples were recovered along the Durance River within the Jurassic black marls ("marnes noires de Haute Provence") ( Figure 1b ). These results were used, together with published data in the area [Arnaud et al., 2008; Henry, 1994; Henry et al., 1997; Revel-Rolland et al., 2005; Révillon et al., 2008] .
Analytical Techniques
[15] All sediment samples were sieved at 63 mm and only the fraction <63 mm was retained for further geochemical analyses. An aliquot of this fraction was taken as a "bulk" sample (<63 mm). The remaining was separated into three distinct fractions: clays (<2 mm); fine silts (2-20 mm) and coarse silts (20-63 mm). The clay fraction was separated by centrifugation. The 2-20 mm fraction was separated from the 20-63 mm one by decantation.
[ 
Geochemistry Geophysics
Geosystems G 3 G [Taylor and McLennan, 1995] ) (Figures 2a and 2b ) of bulk samples (<63 mm fraction) are relatively homogeneous. They are almost flat, consistent with an origin from erosion of continental material [McLennan, 1993] . They also show that the Pleistocene sample from the Central area (CP, KIGC-25-70, Figure 2a ) displays the lowest REE content (0.4*UCC). One distal (WD1, KSGC-31-90) sample and the proximal sample from the western area (WP, KSGC-32-20, Figure 2a ) display concentration in REE similar to UCC. REE patterns of the fine silts (2-20 mm fractions) are almost flat and very similar to the bulk samples REE patterns. One exception to this is sample WP which displays higher concentrations compared to UCC. REE patterns of the coarse silts (20-63 mm fractions) are characterized by very homogeneous Light Rare Earth Element (LREE) concentrations and more heterogeneous Heavy Rare Earth Element (HREE) patterns. All samples show LREE content at about UCC values while HREE contents are more variable with HREE depleted pattern (CP), flat HREE pattern in the proximal sample from the eastern area (EP, BMKS-21-43, Figure 2a ) to enriched HREE patterns (remaining of the samples). The clay fraction (<2 mm) displays the lowest REE contents with concave patterns illustrating slight depletion of the Middle Rare Earth Element (MREE) compared to the LREE and HREE (Figure 2a ). REE patterns of terrestrial samples (<63 mm fraction) are very homogeneous presenting flat patterns very close to continental crust (Figure 2b ). They are also highly 
Geosystems G 3 G comparable to REE patterns of our marine sediments samples.
[20] Zr/Sc and Th/Sc ratios of both bulk samples (<63 mm) and fine silts (2-20 mm) are very similar (Figures 3a and 3b) . Zr/Sc and Th/Sc ratios vary between 12 to 34 and 0.4 to 0.9, respectively (Figures 3a and 3b) . The coarsest fraction is readily identifiable on the Zr/Sc versus Th/Sc ratios diagram: the samples display both higher Zr/Sc (20 to 67) and Th/Sc (0.8 to 1.2) ratios (Figures 3a and 3b) . The clay fraction displays the lowest Zr/Sc and Th/Sc ratios (7 to 18 and 0.4 to 0.6, respectively) and is also easily recognized (Figures 3a and 3b) .
Sr and Nd Isotope Data
[21] Sr and Nd isotope compositions of all fractions are reported in Figure 4 and Figure 4 ). Within the remaining samples, and although variations are not huge, it can be seen that Nd isotope compositions of the clay fractions are, on average, less radiogenic than the coarse silt fractions ("Nd 0 = −11.3 ± 0.1 and −10.4 ± 0.3, respectively, Figure 4) . On the contrary, the Sr isotope compositions of the various grain sizes are within the same range (Figure 4) . Two samples are, however, significantly different one from the other: one distal sample from the western area (WD2, KSGC-31-671, Figure 4 tions of all samples from the Thau lagoon are very homogeneous with an average "Nd 0 of −10.9 ± 0.18 and an average 87 Sr/ 86 Sr ratio of 0.719707 ± 0.00059 (Table 4 and Figure 5 ).
Discussion
Geochemical Variations With Grain Size
[22] Elevated Zr/Sc ratios in the coarse silt fraction can be explained by the enrichment in heavy mineral (zircon) within this fraction, which will increase the Zr content compared to other immobile elements such as Sc [McLennan, 1993; Taylor and McLennan, 1985] (Figure 3) . The zircon enrichment may also be seen in some of the REE patterns, where coarser silt fractions display increased HREE ratios compared to the other grain size fractions (Figure 2a) . Increased Th/Sc ratios in the coarse fraction, compared to clay fractions, can also be related to the presence of heavy minerals such as monazite. Microscopic examination of these fractions further confirms these hypotheses as garnet is absent in the coarse silts and both zircon and monazite were identified.
[23] Although it is often observed that no differences in Nd isotope compositions are seen between grain size fractions, this is not the case in our data set where we have a clear difference between the finest and the coarsest fractions (Figure 4 ). In fact, previous studies have already reported such variations [Innocent et al., 2000; Revel et al., 1996] . Indeed, the clay fractions (<2 mm) have systematically more negative "Nd 0 than the coarse silt fractions (20-63 mm). The minimum difference is seen in sample WD2 with 0.7 epsilon units and the maximum in sample EP with 1.7 epsilon units. As these differences are much higher than analytical errors on Nd isotopic analyses (±0.3 epsilon unit during the course of measurements), we therefore consider these variations as significant. As no wellknown secondary mineral can fractionate Sm and Nd, it is unlikely that "Nd 0 variations are related to modification of erosion or weathering levels and, they must be related to sediment provenance. Less radiogenic Nd isotope composition may points to an enhanced influence of "older" material in the clay fraction in comparison to the coarse silt fraction. Inputs from two potential candidates could produce more negative "Nd 0 : dusts from North Africa, derived from erosion of old continental craton, or, easily erodible lithologies such as Jurassic black shales from the Durance watershed (Figures 1 and 5) . If African dusts were added, not only the "Nd 0 would be more negative but also the 87 Sr/ 86 Sr ratios would be increased. This is the case only for sample WP, which will be discussed later on, but not for the other samples (Figure 4) . Therefore, we suggest that changes in the Nd isotope compositions of the clay fraction are related to input from Jurassic black shales. The coarse silt fractions have less negative "Nd 0 values, which is consistent with an enhanced influence of coarser particles originating from crystalline massif (Figures 4 and 5) . We propose that particles from Jurassic black marls, from the Durance watershed, are over-represented in the clay fractions, whereas particles from crystalline massif are over-represented in the coarse silts. Variations of "Nd 0 between the grain size fractions would therefore be related to a differential sampling of sources. Another argument is that sample EP, which is located next to the Rhône River mouth (Figure 1) , displays both the largest difference in "Nd 0 between the clay and the silt fraction and the less negative "Nd 0 for the coarse silt fraction (−9.8, Table 3 ) whereas sample WD2, which is far away from the river, displays the smallest variation. Indeed, it is likely that sediments will be better homogenized in the western area than in the eastern area as they are transported via currents over long distance. It is also likely that coarse particles, originating from erosion of the crystalline massif, will be more represented closer to the drainage basin mouth.
[24] We conclude, following previous studies [Bouchez et al., 2011; Derry and France-Lanord, 1996; Innocent et al., 2000] , that it is critical to carefully choose which grain size fractions are considered in sediment studies. Our data indicate that analyzing and comparing various grain size fractions is essential for sediment provenance studies and such an approach can be used as a complementary tool to examine variable influences from different sources. [25] Since early studies it is suggested that most sediment deposited in the Gulf of Lions have been transported through the Rhône River system [Aloïsi, 1986] . Calculations of present mass deposition rates highlight the spatial variability of sediment deposition. They are highest in the immediate vicinity of the Rhône River mouth (4 ± 2.5 10 6 T yr
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) and decrease rapidly westward (1.4 ± 0.2 10 6 T yr −1 ) [Durrieu De Madron et al., 2000] . However, local sediment input from the Pyrenees rivers can also be important in the western part of the Gulf of Lions, especially during floods. It has been shown that short-term processes, such as floods, may lead to significant sediment discharge from those small, event-dominated, rivers [Guillén et al., 2006] . For example, a major flood event in December 2003 led to the discharge of 2 × 10 4 T of sediment by the Têt River [Guillén et al., 2006] . It seems therefore important to discriminate between the different potential sources areas, especially for samples in the western part of the Gulf of Lions located close to these river systems. [26] To determine the provenance of sediments, we compared their geochemical compositions with those of potential source areas. However, it can be seen from the REE patterns ( Figure 2 ) and from trace elements (Figure 3) that distinguishing between the different sources is very difficult as they have fairly similar elemental compositions. Therefore, studying the provenance of sediments from REE and trace elements alone is, in this context, almost impossible as already shown by other studies [Clift et al., 2008] .
[27] Apart from the most proximal sample from the western area (WP), which is discussed separately, bulk sediments from the Gulf of Lions show a fairly restricted range of Sr and Nd isotope compositions ( Figure 5 ). Their compositions can be explained by a combination of three distinct main sources: the crystalline end-member, the Cretaceous to Cenozoic sediment cover end-member and the Jurassic black marl end-member from the Durance watershed (Tables 3 and 4, Figure 5 ). Isotope compositions from the Thau lagoon samples display similar compositions and the potential influence of the Hérault River system is therefore almost impossible to assess with this data set (Tables 3 and 4 and Figure 5 ). However, given the geographical location of samples from the eastern part of the Gulf of Lions (EP and ED, Figure 1 and Table 1 ), far away from the Hérault River estuary, and the westward circulation of the Liguro-Provençal Current, it is likely that its influence is minimal. Similarly, sample from the Têt River is clearly distinguished from samples of the Gulf of Lions by its Sr concentration and isotope composition (Tables 3 and 4 and Figure 5 ). As samples from the western part (WD1 and WD2, Sr compared to the remaining of the samples, we can infer that input from this river system is not significant. However, we note that we have very few analyses of these small river systems and further work is needed for a more extensive characterization.
[28] Finally, we can conclude that samples from the Gulf of Lions, either from the western part or the eastern part, originated from the Rhône River drainage basin, with the exception of sample WP, discussed in the following paragraph. These sediments are therefore mainly produced by the erosion of the Alps and surrounding areas. At this stage it is however still difficult to assess exactly the relative influence of each unit as the Jurassic black marl end-member is not well defined and further analyses from this watershed are necessary.
[29] The proximal sample from the western area (WP) is characterized by more negative "Nd 0 and more radiogenic 87 Sr/ 86 Sr (Figures 4, 5, and 6). Such a difference points to an input of older material but, in contrast to the previous section, this affects all grain size fractions. It also influences both Nd and Sr isotope compositions and this suggests an influence of aeolian dust particles as already reported in numerous studies [Bout-Roumazeilles et al., 2007; Erel and Torrent, 2010; Guerzoni et al., 1997; Moreno et al., 2002] . Moreover, palygorskite, which is typical of North African material, is transported by winds and has been described in various locations of the Mediterranean Sea [BoutRoumazeilles et al., 2007] (Figure 6 ), it is clear that the aeolian particles originated from the north and western part of Africa (mainly Mauritania and Mali). Furthermore, such a location is consistent with air masses back-calculated trajectories ( Figure 6 ) [Grousset and Biscaye, 2005] . The Sr and Nd isotope compositions of sample WP are influenced by a maximum input of ∼20% of North African material (Figures 5 and 6 ). This is largely consistent with previous studies estimating dust inputs ranging from 10 to 50% in the case of deep sea sedimentation [Bout-Roumazeilles et al., 2007; Guerzoni et al., 1997] or up to 50% in the case of soils [Erel and Torrent, 2010; Yaalon, 1997] . Available information on KSGC32 core indicates a sedimentation rate of about 40 cm/kyr and a dry density for the sediment of 1.24 g/cm [30] The amount and variability of chemical weathering is difficult to assess in our data set because this information is somewhat obscured, by the source heterogeneity, as well as variability between grain size fractions. However, some variations within the 87 Sr/ 86 Sr ratios of our samples can be confidently related to variable intensities of [Blum and Erel, 1997; Bullen et al., 1997; Clift et al., 2008; Cole et al., 2009; Colin et al., 2006; Taylor et al., 2000] . On the contrary, Nd isotope compositions do not change with variable intensity of chemical weathering. These Sr-Nd relationships are mostly seen in our data set between one distal sample from the western area (WD2) and the distal sample from the eastern area (ED) (Figure 4 ). Both samples have similar "Nd 0 (independently of which grain size fraction is considered) but have different 87 Sr/ 86 Sr ratios suggesting that sediments originated from the same sources but with variable intensity of chemical weathering. Decrease of mobile elements Cs and Sr compared to immobile element Sc also suggest that sample WD2 formed during an episode of more intense chemical weathering compared to sample ED. However, we must recognize that source versus weathering relationships between these samples are highly complicated and a complete study of separated mineral isotope composition would be necessary to establish a full Sr mass balance budget and understand the role of biotite weathering on the potential release of radiogenic Sr during alteration processes [Pett-Ridge et al., 2009] .
Comparison With Paleoclimatic and Paleoenvironment Reconstructions
[31] We finally compared our interpretations with published paleoenvironmental and paleoclimatic reconstructions (Figure 7) . The goal here is not to perform a detailed climate reconstruction, because our sampling has a far too low resolution.
[32] Within the Alps area, the known cold events, from Heinrich event 1 to the Little Ice Age, are well characterized by large glacier advances, with a maximum at about 12.5 ka Cal BP [Ivy-Ochs et al., 2009] . Large glacier recession episodes took place from early Holocene to ∼5000 yr Cal BP. These episodes are reported as Holocene Optimum Events (HOE) and indicate warmer conditions [Joerin et al., 2008 [Joerin et al., , 2006 . Although our sampling is very sparse, some conclusions can be proposed. First, despite numerous climatic oscillations through the Holocene, "Nd 0 of our samples remained fairly constant. This is the case either for samples from the eastern, western or central areas in the Gulf of Lions. This may indicate that all samples originated from the same source, which is the Rhône river watershed. We can therefore conclude that sediments provided by the Rhône river system largely dominated sedimentation in the area at least since 16 ka cal BP. Second, and although additional work is needed to confirm this interpretation, there is good consistency between our interpretation of 87 Sr/ 86 Sr ratios, as a proxy for chemical alteration intensity, and reconstructed climatic conditions. Hence, sample which displays the lowest 87 Sr/ 86 Sr ratio (WD2, higher degree of chemical alteration) was formed during a Holocene Optimum Event, while the sample with the highest 87 Sr/ 86 Sr ratio (ED, low degree of chemical alteration) was formed during cold Heinrich Event 1 (Figure 7 ).
Conclusion
[33] The main conclusions of this work are as follows: [34] 1. Elemental and isotopic compositions of sediments vary as a function of grain size. The coarse silt fraction (20-63 mm) is enriched in heavy minerals such as zircon. Hence, their Zr/Sc ratios are higher than in the other grain size fractions. Nd isotope compositions are also fractionated with grain size. The clay fractions (<2 mm) have more negative "Nd 0 that reflect an enhanced contribution of old and fine Jurassic black marls from the Durance watershed. The coarse silt fractions (20-63 mm) have less negative "Nd 0 that reflect an enhanced contribution from the Alps crystalline massif. Hence, comparing several grain size fractions can be a very valuable tool in sediment provenance studies.
[35] 2. Sediments deposited in both in the western, eastern or central part of the Gulf of Lions originated from the Rhône watershed. The influence of Pyrenean rivers seems minor in our samples and is not important enough to affect the elemental and isotopic compositions of sediments. Our results also suggest that the overall composition of the Rhône river sediment has not drastically changed since 16 ka cal BP. Only a proximal sample from the western area shows different Sr and Nd isotope compositions that are interpreted as reflecting an input of dust material from northwestern Africa. [36] 3. When comparing our data to published paleoenvironmental and paleoclimate reconstructions from the French Alps there is a good consistency between our interpretations of Sr isotope compositions, as reflecting conditions of weathering, with known climate fluctuations. It should be noticed however that our sampling is sparse and additional work is needed to confirm this interpretation.
